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Abstract Helical chip gullets play a crucial role in the perfor-
mance of broaching tool. Well-sharpened helical rake flanks,
which require accuracy of rake angle, smoothness of rake
flank, and the safety of operators, are significantly to maintain
its broaching performance. In this study, a wheel orientation
and position calculating approach was developed to the
resharpen of helical rake flank by a ring-like grind wheel.
With modeling the process requirements of helical rake flank
sharpening as the constraints like single side contacting and
desired rotation direction of grinding wheel, the enveloping
theory-based contact curve identification helped the wheel
orientation calculation approximate to a nonlinear searching
problem for easily addressing by Newton-Raphson method.
Then, the analyses of contact curves with different wheel ori-
entations and a ground helical rake flank proofed the sharpen-
ing process requirement was satisfied, and the examined re-
sults of rake angle for both ground rake flank and simulated
bars verified the accuracy of the presented approach. At last,
optimal grinding wheel setup that has taken larger wheel size
and practicable orientation was suggested based on the rela-
tionship analysis among wheel radiuses and orientations.

Keywords Helical rake flank . Contact curve .Wheel
orientation . Grinding process requirement . Orientation
optimization

1 Introduction

Helical chip gullet is a significant structure of the broaching
tools for chip curling and evacuation during broaching pro-
cess. Comparing with the traditional ring-type gullets, the he-
lical ones reduce the number of cutting teeth that engaging and
withdrawing the workpiece, which effectively smooth the
fluctuation of broaching force. The helical chip gullets also
avoid the manufacture of chip break grooves. These benefits
promote the work performance of broaching tool and enhance
its economic. Commonly, the periodic sharpening of the heli-
cal rake flank is necessary to prolong the life of broaching tool
and maintain the sharpness of cutting teeth. The parameters of
broaching tool-like rake angle, core radius, and smoothness of
the rake surface, which directly determine the cutting perfor-
mance of the broaching tool, are generated in the rake flank
sharpen, hence reasonable wheel position and orientation are
significant to achieve the correct parameters.

As the foundation of helical gullet machining, figuring out
the exact parameters of the helical gullet in transverse, i.e.,
rake angle and core radius and rolling angle are performed
by analytical and discrete as well as CAD-based methods.
The contact line of cutter was analytically identified with
adopting envelop theory and differential geometry to de-
scribed the transverse profiles of gullet [1–4]; however, it is
complexity once singular points were existed. Nguyen and Ko
[5] inserted effective cutting edge curves between singular
points to complete the contact line, while Xiao et al. [6] de-
tailed analyzed and calculated the contact line of grinding
wheel as several curves. The profile of gullet can be identified
by envelop these intersect curves via performing the helical
gullet machining as the intersection between a given tool axial
transverse and a serial of independent solid grinding wheels
follow the cutting trajectory in Refs [7–10]. This discrete man-
ner is effective to avoid the singular conditions occurred in
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analytical methods, but the accuracy of profile was determined
by the resolution ratio of numerical solution, and computed
tasks are heavier. Furthermore, some CAD assisted methods
taken using a Boolean operation to simulate the generation of
helical gullet [11–13].

In order to achieve the desired transverse profile, either
specifying the profiles of cutters or calculating the reasonable
orientations and positions of cutters need to be taken. The
cutter profile can be specified with respect that the rule that
the contact points have the common surface normal between
the cutter and desired gullet [14–17]. However, it will involve
more machining operations and raise the cost. Comparatively,
it is more attractive to adjusting the setup of cutter, which is
generally performed as a searching problem that aims to min-
imize the difference between the designed flute parameters
and the machined flute parameters. Karpuschewski et al.
[18] proposed a particle swarm searching method to identify
the reasonable setup of the grinding wheel, in which both the
wheel orientation and position were adjusted to approximate
the desired sectional profile. Rabahah and Chen [19] identi-
fied the orientation of the grinding wheel through matching its
normal with the normal rake angle of the helical rake flank at
first, and then fixed the wheel position by equaling the mini-
mum distance between the effective grinding edge and the
revolving axis to the core radius. Xiao et al. [6] also figured
out the correct wheel setup condition with an iterative method,
in which firstly estimated the sectional parameters by contact
curve calculation, and Wang et al. [20] addressed this optimi-
zation in the basis of analyzing the geometric constraints like
interferences avoidance and abnormal flute profile. With the
helping of calculate the parameters of machined sectional pro-
file by analytical methods, Ren et al. [21] directly formulated
the correct wheel orientation as a nonlinear equation group
and addressed by numerical solving. All these methods main-
ly focused on achieving the exactly parameters of machined
sectional profile, but pay less attention on the guarantee the
requirements of grinding process.

In practice, reasonable contact between the grinding wheel
surface and rake flank is crucial to guarantee the smoothness
of the ground rake flank and maintain the sharpness of the
cutting edges. Therefore, in order to satisfy abovementioned
sharpening process requirements as well as the safety of op-
erators, a concise approach on calculation of the reasonable
orientation and position of grinding wheel was developed in
this study, and its optimal selection was also discussed accord-
ingly. The remainder of this article was organized as follows.
In Section 2, the basic mathematical models of the grinding
wheel and its setup were established as well as the identifica-
tion of the contact curves. In Section 3, the process require-
ments for rake flank sharpen was modeled, and the wheel
orientation determination is performed. In Section 4, valida-
tions for proofing the distribution of contact line in terms of
wheel orientation and examining the machined accuracy were

reported, and the optimal selection of wheel orientation was
also discussed. Finally, the conclusions were given.

2 Mathematical foundation of helical rake flank
sharpening

2.1 Grinding wheel modeling

With considering the repetitive sharpening of rake flank and
its economy, general cubic boron nitride (CBN) grinding
wheels with annular shape are adopted to implement the rake
flank grinding. Thereby, wheel profile dressing is avoided,
and the management of wheel can be facilitated with assigned
to specified broaching tools.

As the grinding wheel demonstrated in Fig. 1, a grinding
wheel coordinate frame Og-XgYgZg is attached on it, where
origin Og coincides with the intersection point between the
lateral surface of the wheel and its revolving axis, and Zg-axis
is coincided with the revolving axis of wheel, and Xg-axis and
Yg-axis are perpendicular to each other. Practically, only the
arc-shape surface participates to the grinding task, so it is easy
to express the grinding surface and its surface normal vector as
in Eqs. (1) and (2), respectively.

Sg θ;φð Þ ¼
rgcos θð Þ þ Rg
� �

⋅cos φð Þ
rgcos θð Þ þ Rg
� �

⋅sin φð Þ
rg⋅sin θð Þ

1

2
664

3
775 ð1Þ

Ns θ;φð Þ ¼
cos θð Þ⋅cos φð Þ
cos θð Þ⋅sin φð Þ

sin θð Þ
0

2
664

3
775 ð2Þ

Where Rg is the major radius of the grinding wheel, rg is the
radius of the fillet, θ∈ [‐π/2,π/2], and φ∈ [0 , 2π).

Fig. 1 Shape of the CBN grinding wheel
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2.2 Wheel setup for helical rake flank sharpening

As shown in Fig. 2a, the broaching tool coordinate frame Ob-
XbYbZb is defined firstly to describe the helical rake flank
sharpening process, where origin Ob attaches to the revolving
axis of broaching tool, and Zb-axis coincides with the revolv-
ing axis of broaching tool, Xb-axis and Yb-axis are perpendic-
ular to each other.

In practical, supporting fixes are located around the
lower part of the broaching tool; hence, it is proper to
place the grinding wheel on the upper side of the
broaching tool, and it also facilitates the observation
and adjustment for the operators. Therefore, the wheel
position is defined by (Ax, Ay), which are the X-com-
ponent and Y-component of Og in broaching tool coor-
dinate frame, respectively. Simultaneously, the wheel’s
orientation is fixed by rotating Σ along Xg-axis at first,
and follows the rotation λ along Yg-axis. Then, the
wheel’s setup is confirmed by Ax, Ay, Σ, and λ.
Hereto, the transform matrix Mb

g that from a grinding
wheel coordinate frame to the broaching tool coordinate
frame can be expressed as follows:

Mb
g ¼ tran Ax;Ay; 0ð Þ⋅rot X ;Σð Þ⋅rot Y ;λð Þ

¼
cos λð Þ 0 sinλ Ax

sin Σð Þ⋅sin λð Þ cos Σð Þ −sin Σð Þ⋅cos λð Þ Ay
−cos Σð Þ⋅sin λð Þ sin Σð Þ cos Σð Þ⋅cos λð Þ 0

0 0 0 1

2
664

3
775

ð3Þ

During helical rake flank grinding process, the grind-
ing wheel implements a spiral motion relative to the
broaching tool with accompanying a high-speed self-ro-
tation. The relative spiral motion consists of a rotational
motion along Zb-axis and a synchronic linear motion

along Zb-axis. Hence, the relative spiral motion, which
is a function of time t, can be expressed as in Eq. (4):

M tð Þ ¼
cos tð Þ −sin tð Þ 0 0
sin tð Þ cos tð Þ 0 0

0 0 1 �Lb⋅t
.

2πð Þ
0 0 0 1

2
664

3
775 ð4Þ

Where Lb is the lead of the helical chip gullet, and the upper
sign is used for the right-hand rotated gullet while the lower
sign is used for the left-hand rotated gullet.

Thus, the grinding surface of wheel at t in broaching tool
coordinate frame Sg

b(θ,φ, t) can be identified as follows:

Sgb θ;φ; tð Þ ¼ M tð ÞMb
gSg θ;φð Þ ¼

xs θ;φ; tð Þ
ys θ;φ; tð Þ
zs θ;φ; tð Þ

1

2
664

3
775 ð5Þ

Similarly, the normal vector of the grinding wheel surface
Ng

b(θ,φ,t) at moment t in broaching tool coordinate frame can
be identified as follows:

Ng
b θ;φ; tð Þ ¼ M tð ÞMb

gNg θ;φð Þ ¼
xn θ;φ; tð Þ
yn θ;φ; tð Þ
zn θ;φ; tð Þ

0

2
664

3
775 ð6Þ

2.3 Grinding contact line determining

Taking specified orientation as illustrated in Fig. 3a, the swept
volume of grinding wheel that produced by the relative spiral
motion generates the helical rake flank. It indicates part of the
external surface of the swept volume is same as the ground
rake flank. At any moment of machining, the grinding wheel
contacts the helical rake flank at a curve as drawn in Fig. 3d,

Fig. 2 Setup of the grinding
wheel a the coordinate frames of
the wheel and broaching tool and
b the contact condition of the
wheel
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which is called the contact curve at current moment. In the
basis of enveloping theory, we can identify this contact curve
with the rule that the normal vectors of wheel at any contact
points perpendicular to the corresponding wheel’s velocities
with respect the relative spiral motion. Accordingly, the points
on the wheel surface that satisfies Eq. (7) compose the contact
curve, and it can be solved by numerical methods.

Vg
b θ;φ; tð Þ⋅Ng

b θ;φ; tð Þ ¼ 0 ð7Þ

Where, Vg
b is the velocity of a point on the wheel surface in

the broaching tool coordinate frame, and it is determined as:

Vg
b θ;φ; tð Þ ¼ ∂M tð Þ

∂t
Mb

gSg θ;φð Þ ð8Þ

However, it needs attention that two potential solutions,
i.e., points E = [xE(θ,φ,t), yE(θ,φ,t), zE(θ,φ,t),1]

T, and
F = [xF(θ,φ,t), yF(θ,φ,t), zF(θ,φ,t),1]

T take the same radius in
wheel surface (see in Fig. 3b), and they are placed on both side
of the wheel independently. Relative to the flat surface of the
grinding wheel, the spiral motion generates two locally con-
vex areas and fake contact point is brought.

Apparently, the truthful contact point can be identified
through the judgment of axial relative position in axial-
section plane as in Fig. 3c. Firstly, transforming both points
E and F into an axial-section plane along the spiral motion,
co r r e spond ing po in t s E ’ = [xE ’ ,yE ’ , zE ’ , 1 ]

T and
F′ = [xF’,yF’,zF’,1]

T can be calculated by Eq. (9).

E 0 ¼ M t1ð Þ⋅E
F 0 ¼ M t2ð Þ⋅F

�
ð9Þ

Where, t1 = ± arctan (yE/xE) and t2 = ± arctan
(yF/xF). The upper sign is used for the right-hand rotated

helical gullet, and the lower sign is used for the left-rotated
helical gullet.

Since the one with larger axial value takes effect in machin-
ing, the point whose axial-section point satisfies max(zE', zF')
is confirmed as contact point. Furthermore, the contact curve
is composed by a serial of contact points as illustrated in
Fig. 3d.

2.4 Determination of rake angle

Rake angle as an important parameter of cutting teeth is
defined depend on the ground rake flank. As shown in
Fig. 4, P and Q are the points on the rake flank at
radius Rb and Rr in the same axial-section plane. The
section angle between QP and Xb-axis is defined as the
rake angle γ of cutting teeth.

Therefore, at moment t = 0, points M = [xM(θ,φ,t),
yM(θ,φ,t), zM(θ,φ,t),1]

T, and N = [xN(θ,φ,t), yN(θ,φ,t),
zN(θ,φ,t),1]

T on the contact curve MN, whose radius corre-
sponding to Rb and Rr, can be identified by solving equation
groups (9) and (10), respectively.

f 1 θ;φ; tð Þ
���t¼0 ¼

VM θ;φ; tð Þ ⋅ NM θ;φ; tð Þ ¼ 0ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xm θ;φ; tð Þ2 þ ym θ;φ; tð Þ2

q
¼ Rt

(

ð10Þ

f 2 θ;φ; tð Þ
���t¼0 ¼

VN θ;φ; tð Þ ⋅ NN θ;φ; tð Þ ¼ 0ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xN θ;φ; tð Þ2 þ yN θ;φ; tð Þ2

q
¼ Rr

(

ð11Þ

Obviously, these two transcendental equation groups can
be fixed by adopting Newton-Raphson method in form of
numerical solution. Next, for points M and N, their

Fig. 3 Identification of the
contact line
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corresponding points P and Q following the spiral motion are
identified as Eq. (9). Then, the rake angle γ is determined by
Eq. (12), and its sign is same as the third component of QP.

γ ¼ arccos
QP⋅ 1; 0; 0; 0½ �T

QPj j

 !
ð12Þ

3 Wheel’s position and orientation identification

For the sake of helical rake flank resharpen, reasonable posi-
tion and orientation of the grinding wheel directly determines
the correct generation of helical rake flank related parameters
like rake angle, core radius, and so on. However, the process
requirements of rake flank grinding also play a crucial role in
maintain the ground surface quality, and they deserve serious
consideration.

3.1 Grinding process constraints modeling

3.1.1 Radius of gullet bottom guaranteeing

In sharpening, grinding wheel touches both the rake flank and
bottom surface of chip gullet as depicted in Fig. 2b, which
leads to uniform material removal and generates a smooth
arc at the corner of chip gullet. It indicates the wheel should
tangent the bottom surface of the chip gullet at point P. For
simplicity, we suppose P = [Rb–h,0,0,1]

T going through Xb-
axis at initial time t = 0, thereby the initial position (Ax and
Ay) of the grinding wheel can be figured out.

It is clearly to identify the normal vector NP = [1,0,0,0]T of
point P, and the normal vector of the contact point on grind
wheel surface coincides with it as in Eq. (13).

Ng
b θ;φ; tð Þ

���t¼0 ¼ −1; 0; 0; 0½ �T ð13Þ

With respect of the geometry of grind wheel, we can de-
duce that the contact point must be located in the lower part of
the grinding wheel, and it can be determined as, θ = –λand
φ=πthrough satisfying Eq. (8).

Sgb θ;φ; tð Þ
���θ¼λ;φ¼π;t¼0 ¼ Rb−h; 0; 0; 1½ �T ð14Þ

Accordingly, the initial setting position of the grinding
wheel (Ax, Ay) can be easily figured out as follows:

Ax ¼ Rb − h þ cos λð Þ⋅Rg þ rg
Ay ¼ sin Σð Þ ⋅ sin λð Þ ⋅Rg

�
ð15Þ

3.1.2 Contact area for the grinding wheel and the rake flank

In order to promote the smoothness of ground rake flank
and ensure the sharpness of cutting edges, the grinding
wheel is asked to contact the rake flank only at the side
that the cutting speeds point from the tip of cutting teeth
to the bottom of the chip gullet. Furthermore, the grinding
speed of wheel should depart away the operators with
respect their safety. Thus, reasonable orientation of grind-
ing wheel as well as its rotated direction should satisfy
these requirements.

In practical applications, the combination of chip gullet
rotate direction (right and left hand) and rotated direction of
grinding wheel (clockwise and anti-clockwise) consists of
four types of cases as described in Fig. 4a. Obviously, reason-
able orientation angle Σ is necessary to meet the desired one
side contact and expected cutting speed direction. Besides, in
the basis of the structure of helical chip gullet, the helix angle
of rake flank is varying with the radius. As exhibited in
Fig. 4b, the minimum helix angle βb appears at the bottom
of the chip gullet, while the maximum one βt produces at the
tip of cutting teeth.

Fig. 4 Definition and calculation
of the rake angle
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Intuitively, the orientation angleΣ should escape the range
[βt, βb] ([−βb,–βt] for the left-hand rotate gullet) to satisfy the
one-side contact condition. Without losing the practicability,
Σ is initialized as follows. At first, we identify the rotate di-
rection of grinding wheel according to the rotation of the gul-
let and the operator position. Then assigning the initial Σ as
depicted in Fig. 5a, i.e., Σ = βb for case I, Σ = βt for case II,
Σ = −βt for case III, and Σ = −βb for case IV. Afterward,Σ is
adjusted to depart from the range [βt, βb] (or [−βb,–βt]) until
the one-side contact condition is satisfied with the help of
contact condition indication in following subsection.

3.1.3 Wheel contact condition indicating

As forementioned in Section 2.3, contact line consist of a
serial of points, and the coordinate of each point
C = [xC(θ,φ,t), yC(θ,φ,t), zC(θ,φ,t),1]

T is confirmed. Then,
the single-side contact condition equals to an inequality as
follows:

�yC θ;φ; tð Þ > 0 ð16Þ

Where, the upper sign corresponding to cases I and III, and
the lower sign corresponding to cases II and IV in Fig. 5a.

Fig. 6 Flowchart of the grinding
wheel orientation calculation

Fig. 5 Work condition and initial
setup condition of the grinding
wheel a the working condition of
the grinding wheel and b the helix
angles in radial direction
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3.2 Determination of wheel’s orientation

The machined rake angle is modeled as a function in terms of
a wheel orientation in Section 2.4, consequently, wheel setup
for the desired rake angle equals to nonlinear Eq. (17) with
subject inequality (16).

G Σ;λ; γdð Þ ¼ γ Σ;λð Þ−γd ¼ 0 ð17Þ

It can be fixed as an optimal question according to
the flowchart in Fig. 6. Initializing the orientation angle
(Σ, λ) as discussion in Section 3.1.2, and then the
wheel position and brought rake angle can be identified.
Iterative searching (like Newton-Raphson method) is
performed till Eq. (17) is satisfied with adjusting λ.
Then, with adopting inequality (16), the single-side con-
tact of contact curve is discriminated, and the suitable
wheel orientation is determined when this condition is
met else Σ is revised as stay away the range [βt, βb].
Essentially, this problem translates the searching of λ
and Σ in two different leveling, and reduces the com-
plexity of calculation.

4 Examples and discussions

4.1 Verifications

The sharpening task for a helical broaching tool was imple-
mented to verify the feasibility of the proposed method. The
parameters of this broaching tool were listed in Table. 1, and
key parameters of used CBN grinding wheel were
Rg = 50 mm, and rg = 1.25 mm.

Firstly, in order to demonstrate the effect of wheel orienta-
tion on the contact curve, the virtual helical rake flank ground
with different Σ was illustrated in Fig. 7, and adopted wheel
setups were group 1 in Table. 2. The contact line MN was
totally placed on the cutting speed exiting side as in Fig. 7a
where Σ < βt, while the contact line MN was distributed on
both sides of the grinding wheel as in Fig. 7b where
βt < Σ < βb, and the contact line MN perfectly located on
the cutting speed engaging side as in Fig. 7c where βb < Σ.

Fig. 7 Virtual grinding of rake flank a wheel takes Σ = 6.100° and b wheel takes Σ = 6.700° and c wheel takes Σ = 7.320°

Table. 2 The setup of grinding wheel for validations

No. γ (°) Σ (°) λ (°) Ax (mm) Ay (mm)

18 6.100 33.992 118.434 4.456

1 18 6.700 38.953 114.574 5.501

18 7.320 41.308 112.588 6.308

12 7.320 29.395 121.594 4.690

2 15 7.320 35.340 117.430 5.5274

18 7.320 41.308 112.588 6.3079

Table. 1 The parameters of machined helical broaching tool

Lb
(mm)

Rotated direction Rb
(mm)

Rr
(mm)

h
(mm)

γd
(°)

50.8 Right hand 73 70 8.0 18
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Moreover, in order to proof the accuracy of the method,
both ground helical rake flank and serial of CAD simulated
results are investigated. At first, the grinding status of the
rake flank was depicted in Fig. 8a, there the arc part of
grinding wheel contacted the helical rake surface in the
engage side while leaved a gap on the exit side. Both the
goniometer and probe sampled axial-section profiles re-
ported the consistent 18° rake angles, and errors less than
1% were shown in Fig. 8b. Meanwhile, the machining of
helical rake flanks on a bar with the same parameters as in
Table 1 but taken different rake angles γ were simulated by
VERICUT. With performing the wheel’s setups as group 2
in Table .2, the machined helical gullets were drawn in
Fig. 9, and the errors of examined rake angles (in Pro/E)
were also no more than 1%.

Overall, the correct distribution of wheel contact as well as
the exactly rake angles demonstrated in those validations ver-
ified the proposed method was capable to provide reasonable
orientation of grinding wheel for helical rake flank sharpening
of the broaching tool.

4.2 Optimal selection of the wheel orientation

Evidently, lots of wheel orientations satisfy the sharpening of
rake flank. However, several factors deserve notice for wheel
orientation choosing in practice. At first, wheel orientation
angles shall inner the feasible ranges of machine tool.
Secondly, larger radius wheel is preferred because of it brings
longer service life, and it also reduces the highest rotation
speed requirement of spindle. Thirdly, smaller λ is expected

Fig. 8 Verification of a ground helical rake flank a the working status and b the inspected rake angles of ground rake flank

Fig. 9 CAD based validation and
examining
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since it benefits of interference avoiding between the grinding
wheel and the rear surface of front cutting tooth. Thus, ana-
lyzing the distribution of effective wheel orientations is sig-
nificant for wheel’s orientation optimal.

Performing the same sharpen task as in Table. 1 (adopt both
left/right hand rotation), we identified all the wheel orienta-
tions (angle λ) in terms of discreteΣ and Rg, and demonstrat-
ed both the results for left-hand rotated gullet in Fig. 10a and
the right-hand rotated gullet’s in Fig.10b, respectively. It ob-
viously that, for both situations, the increasing of λ was

consistent with the greatening of Σ. Moreover, the amplified
Rg enhanced the raising of Σ in further. Concurrently, we can
identify the feasible wheel orientations by two conditions.
One of them was the limitation of machine tool (e.g.,
λ < 65°), which get rid of those ones require oversized λ,
and the other one was the critical Σ to ensure the single-side
contact condition, i.e., (Σ > −βt) for the left-hand rotate gullet
and (Σ > βb) for the right-hand rotate gullet in current task.

Consequently, we can deduce that the one taken the largest
radius and feasible Σ close to the helix angle was optimal,

Fig. 11 Axial-section profiles of
the rake flankwith different wheel
orientations

Fig. 10 Relationship between the orientation and size of the grinding wheel a the left-hand rotated helical rake flank and b the right-hand rotated helical
rake flank

Int J Adv Manuf Technol (2017) 92:1991–2000 1999



through considering the abovementioned factors like larger
wheel radius, smaller λ as well as the feasibility of wheel orien-
tation (Σ, λ). Similarly, the orientation that Σ close to the helix
angle was optimal even without considering the variation of
wheel radius.

Furthermore, we also analyzed the geometrical variations of
the rake flank in axial section. These deviations were brought by
contact curves that generated by unique wheel orientation. The
detailed axial section profiles in Fig. 11 exhibited largerΣ pro-
duced more concave of MN. However, these tiny deviations,
which totally no more than 20 um, were so small that have no
evident effect on the working performance of rake flank. Then
this geometrical deviation about Σ can be ignored.

5 Conclusions

This study proposed a wheel’s orientation and position calculate
method for helical rake flank sharpening of the broaching tool
with respected that the corresponding requirements of grinding
process, and the optimal orientation selection was also recom-
mended. In detail, the contact points were geometrical discrim-
inated by the axial positions in the axial-section among the local
extremum that obtained by the envelop theory, then the process
requirements of rake flank sharpening were modeled as a
single-contact condition as well as the rotate direction of grind-
ing wheel. Consequently, the initialΣwas assigned to the helix
angle of rake flank like ±βt (±βb) for wheel orientation calcula-
tion, which was modeled as a nonlinear equation group and
solved by Newton-Raphson method. The geometrical valida-
tions for contact curve distributing of wheel with different ori-
entations proofed reasonable Σ could guarantee the single-
contact condition, and it was consistent with the truthful ma-
chining status. Moreover, the examination of machined rake
angle for both ground helical rake flank and simulated bars
reported the error overall being less than 1%. At last, in practice,
Σ that approximated to the helix angle of rake flank (like βt or
βb) will meet the process requirements that were suggested as
the optimal wheel orientation to achieve a smaller λ for inter-
ference avoidance. Furthermore, larger wheel radius was also
preferred to enlarge its service life.
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